Greater and greater attention is being paid to air pollution problems, because of their negative impact on the environment and human health. This article measures energy efficiency, carbon dioxide emissions efficiency, and particulate matter (PM 2.5 ) concentration efficiency to compare the energy efficiency differences between Organisation for Economic Co-operation and Development (OECD) member countries and non-OECD member countries from 2010 to 2014 using a metafrontier dynamic Data Envelopment Analysis model. We calculate technology gap ratio and input and output efficiency values to measure the energy efficiencies of each economy, finding that (a) OECD countries have a technology gap ratio of 1 or very close to 1; and except for the United Arab Emirates and Singapore, both of which exhibit annual improvements, the non-OECD countries have a significant need for efficiency improvements; (b) the average technology gap ratio of OECD is higher than that of non-OECD countries; that is, while OECD countries' technology gap ratio (TGR) changes are relatively stable, non-OECD countries' TGRs are gradually increasing; (c) non-OECD countries have large PM 2.5 concentration efficiency gaps, with the annual efficiencies in China, India, and Nepal being less than 0.2; (d) Switzerland, Denmark, France, the United Kingdom, Iceland, Luxembourg, Norway, the United States, and the United Arab Emirates all have new and traditional energy efficiency values of 1; and (e) Botswana, Algeria, and Cambodia have poor traditional energy efficiencies, but better new energy efficiencies, whereas Hungary, South Korea, Slovakia, and Slovenia have poor new energy efficiencies and better traditional energy efficiencies.
Introduction
The 20th century saw the most significant rise in global warming in recent human history, primarily due to the rapid increase in industry and mass-produced manufactured goods, rises in animal husbandry, and massive population increases. Due to the growing global concerns first highlighted in the 1970s, in 1988, the Intergovernmental Panel on Climate Change was finally established with the aim of gaining global agreements on emissions reductions. The Intergovernmental Panel on Climate Change fifth assessment report in 2013 stated from 1880 to 2012 that the global average surface temperature had risen by about 0.85 C, primarily because of the large amounts of greenhouse gases such as carbon dioxide (CO 2 ) and methane, 75% of which were found to be a direct result of human activities from the combustion of fossil fuels, methane emissions from coal and natural gas production processes, landfills, ruminants, rice farming, and biomass burning. To achieve greenhouse gas reduction targets, the United Nations Framework Convention on Climate Change established the Kyoto Protocol at the Third Conference of States Parties held in Kyoto, Japan in 1997 in an attempt to mitigate the greenhouse effects and the consequential climate change impacts. Even though there was a specification to control total global carbon emissions within a certain limit, because of unstable international political and economic situations, a consensus could not be reached at the 2009 Copenhagen Climate Conference (COP15) except to extend the Kyoto Protocol to 2012 and establish a new climate treaty.
Under pressure from the international community, the validity of the Kyoto Protocol was again extended to 2020, but in 2015, the Paris Agreement replaced the Kyoto Protocol at the United Nations Climate Summit. Because air pollution has also been recognized as having a disastrous effect on the environment and human health, the United States adopted Clean Air Act Amendments in 1990 that required states and local governments to monitor air pollution, and the U.S. Environmental Protection Agency developed an air quality index to assess air quality. Over time, there has been a general agreement to lower global greenhouse gas emissions by reducing fossil fuel use, improving energy efficiencies, and developing new renewable energy sources.
Environmental energy efficiency analyses have been conducted on regional economies and on Organisation for Economic Co-operation and Development (OECD) and European Union (EU) members, with the focus on environmental energy efficiency comparisons, energy impacts, and environmental efficiency factors. To compare environmental energy efficiencies, F€ are, Grosskopf, Norris, and Zhang (1994) used the Malmquist Productivity Index to classify production efficiency into technological changes and efficiency changes, which was then applied to 17 OECD countries between 1979 and 1988, finding that technological changes resulted in higher productivity growth rates in the United States, and efficiency changes brought about higher productivity growth rates in Japan. Zofı o and Prieto (2001) used a Data Envelopment Analysis (DEA) method to study environmental efficiencies in 14 OECD countries from 1990 to 1995. Zhou, Poh, and Ang (2007) employed a nonoriented DEA model to measure environmental carbon emissions performances and the efficiency of nonincreasing returns and variable returns, dividing the research objects into eight regions: OECD member countries, the Middle East, former Soviet Union countries, European non-OECD member countries, China, other Asian countries, Latin America, and Africa. Bampatsou, Papadopoulos, and Zervas (2013) analyzed cross-sectional data from 15 EU countries from 1980 to 2008 using the Technical efficiency (TE) Index to measure energy efficiency. Makridou, Andriosopoulos, Doumpos, and Zopounidis (2015) assessed the energy efficiency in EU countries from 2000 to 2010, utilizing a combined nonparametric DEA and multiple criteria decision aiding approach to provide energy efficiency estimates. Cantore, Calı`, and Te Velde (2016) used a large manufacturing sample data set from 29 developing countries to analyze energy efficiency and found that the low-energy intensities in most of these countries are associated with high total factor productivity. Suzuki and Nijkamp (2016) developed an extended DEA to assess energy sustainability and environmental and economic efficiencies in the EU, Asia-Pacific Economic Cooperation countries, and Association of South East Asian Nations, presenting that the EU countries as a whole have greater efficiencies than those of Association of South East Asian Nations. Makridou, Andriosopoulos, Doumpos, and Zopounidis (2016) used DEA to assess the energy efficiency trends in five energy-intensive industries in 23 EU countries from 2000 to 2009 and found compared with 2000 that the efficiencies in all sectors had improved by 2009. Guo, Lu, Lee, and Chiu (2017) utilized a dynamic DEA model to assess the intertemporal efficiency in OECD countries, finding that most countries have improved efficiencies. To identify the factors associated with energy and environmental efficiencies, Parker and Liddle (2016) assessed the impact of OECD manufacturing prices on energy efficiencies from 1980 to 2009 and concluded that energy efficiency is a major driver for energy intensity reductions and that price increases improve efficiency. Skare and Rabar (2017) used DEA to compare the time series of 30 OECD countries from 2002 to 2011 and employed four different hypothetical models to compare economic, social, and environmental goals, noting that the most frequent inefficiency scores result from gross domestic product (GDP) and that inflation has the least effect on inefficiency.
In addition to economic research, single-country environmental energy efficiency analyses have been conducted in Asia, with the research direction being mainly based on regional energy and environmental efficiency comparisons, the impact of new energy on GDP or CO 2 emissions, and new energy policy assessments (Yu, Jia, You, & Zhang, 2018) . Honma and Hu (2008) used DEA for a comparative analysis of regional energy efficiency, environmental efficiency, and Target Fabric Energy Efficiency in 47 metropolitan areas in Japan from 1993 to 2003, presenting that the inland sea and coastal areas are more energy efficient than the Pacific coast areas. Sueyoshi and Goto (2011) compared a newly proposed energy performance assessment method with other previous DEA methods to measure the uniform efficiencies of Japan's fossil fuel power generation, finding that many empirical studies confirmed that the Kyoto Protocol implementation has not been effective at improving Japan's fossil fuel power generation uniform efficiency during the 2004 to 2008 observation period. K. Wang, Wei, and Zhang (2013) set up a new DEA method to assess technology gaps in China and found that the energy efficiency and technology gaps in the eastern, central, and western regions are significantly different, with most Chinese provinces in the east being energy-efficient and having advanced production technologies, while those in the west are the opposite. Zhou, Xing, Fang, Liang, and Xu (2013) proposed a new nonradial DEA method combined with a slacks-based measure (SBM) to evaluate the environmental efficiency of China's power industry in various provinces from 2005 to 2010 and found that the power industry environmental efficiencies across China are significantly different. Bi, Song, Zhou, and Liang (2014) examined total factor energy efficiency without considering the environmental constraints and showed that as environmental efficiency has an important impact on the energy performances of China's thermal power industry, reducing major pollutant emissions could increase energy and environmental efficiencies. Li and Lin (2015) used an improved directional distance function to measure the energy efficiency of CO 2 emissions in 30 Chinese provinces between 1997 and 2011 and found that the efficiencies in the eastern region are the lowest followed by the western and central regions. Goto, Otsuka, and Sueyoshi (2014) noted that Japanese industries need technological innovation to reduce air pollution. Zhang and Xie (2015) used a nonradial directional distance function method to explore renewable energy and sustainable development issues in China from 1991 to 2005 and found that its environmental supervision costs need to be increased. Sueyoshi and Goto (2015) employed DEA to assess Japan's energy efficiency and future possible fuel combinations, with the results showing that (a) fossil fuel production is between 34.5% and 56.1%, (b) hydropower production ranges from 22.4% to 40.5%, (c) nuclear power generation ranges from 10.4% to 13.7%, (d) pumping power generation ranges from 3.9% to 6.9%, and (e) renewable power generation ranges from 3.7% to 8.4%.
Environmental energy performance assessments therefore have primarily focused on energy or environmental efficiency analyses (Wang, Zhao, Shen, & Liu, 2015) , the impact of new energy on GDP or CO 2 and new energy policies, and efficiency evaluations, most of which used capital stock, labor, and energy consumption as the inputs and GDP and CO 2 emissions as the outputs. However, there has been less research comparing the energy consumption of new and traditional energy sources. Furthermore, many analyses have employed static comparative analysis, which means that it is not possible to understand whether new energy efficiencies are improving over time or becoming an important energy source. Therefore, this article employs a metafrontier dynamic DEA (MFD-DEA) model to assess the technology gap ratio and individual variable efficiency values in OECD and non-OECD countries and offers recommendations. The contributions of this article are as the follows: (a) We fill the gap in the literature and use new energy consumption as an input to assess the efficiency of EU countries and non-EU countries and (b) this article adopts a new model, namely, the MFD-DEA model. The model considers time and the efficiency evaluation of each country and compares the different systems of efficiency in each country.
The remainder of this article is organized as follows: The next section details the research methods. Then, the empirical results and the discussions are explained. Finally, the conclusions are presented. Farrell (1957) first proposed an efficiency concept that measured the production frontier by dividing production efficiency into TE and allocative efficiency, after which Charnes, Cooper, and Rhodes (1978) developed the CCR model, which was then further modified by Banker, Charnes, and Cooper (1984) into the BCC model. Both the CCR and BCC models measure radial efficiency, which allows for the input or output items to be increased or decreased in equal proportions; however, this assumption is not proven to be applicable in all cases. Consequently, Tone proposed an SBM in 2001 that uses a difference variable as the measurement basis, accounts for the differences between the inputs and outputs (slack), and utilizes a nonradial estimation method and scalar to present SBM efficiency values between 0 and 1. Malmquist (1953) first developed the Malmquist index to explain the dynamic efficiency, and F€ are et al. (1994) extended the concept to measure intertemporal efficiency changes. However, these models did not consider the effects of intertemporal continuation activities and are less suitable for measuring long-term efficiencies. F€ are and Grosskopf (1996) first set up a dynamic DEA concept to design a form of dynamic analysis, and then they proposed carryover variables for the dynamic models (F€ are & Grosskopf, 1997) . Tone and Tsutsui (2010) subsequently extended to a weighted slacksbased dynamic DEA method that includes four types of linking activities: (a) desirable (good), (b) undesirable (bad), (c) discretionary (free), and (d) nondiscretionary (fixed). The basic dynamic DEA model is described in the following.
Methods

DEA Method
In the model, there are n decision-making units (DMUs) (j ¼ 1, 2,. . ., n) over T periods (t ¼ 1, 2,. . ., T), with each DMU having multiple different and independent inputs and outputs in each time period, with the zgood being the carryover from period t to period t þ 1.
The nonoriented overall efficiency (d*) is calculated using Equation 1, and x t and x i are the weights for each period t and the inputs: 
The nonoriented term efficiency (q*) follows in Equation 3.
Metafrontier dynamic DEA
As different countries have different social cultures, economic environments, management models, and production structures, different manufacturers also have different production technologies. Ruttan, Binswanger, Hayami, Wade, and Weber (1978) defined the metafrontier (MF) as an envelope curve that contains the production fronts of all groups that could enable efficiency measurements for the different groups under a common benchmark. Battese and Rao (2002) and Battese, Rao, and O'donnell (2004) then demonstrated that the TE of different groups could be compared using an MF model. Portela and Thanassoulis (2008) 
Meta-frontier:
Under different management types, resources, regulations, and environmental factors, it is assumed that all units (N) are composed of DMUs (j ¼ 1.
At each term, a DMU has m input and s output, respectively. Let x iot (i ¼ 1, 2, . . ., m), y jot (i ¼ 1, 2, . . ., s) indicate the observed input and output, the DMU being chosen as the most favorable weight to ensure maximum efficiency value. Moreover, z bad iot
T) denotes bad link values, where
nbad is the number of bad links. Here, W t , w À , and w þ are weights to term t, input I, and output I. The MF k for the DMU efficiency is solved using the following linear programming:
Here, s
are slack variables denoting input excess, output shortfalls, and carryover excess, respectively. Using Equations 4 and 5, the overall TE of the MF(MFE) for all DMUs under the MF is then determined.
Group frontier:
All DMUs are divided into g groups. Each DMU under the group frontier (GF) chooses the most favorable final output weight so that the efficiency of the DMUs under the GF can be solved using the following equation:
are slack variables denoting input excess, output shortfalls, and carryover excess, respectively, and W t , w À , and w þ are weights to term t, input I, and output I. Therefore, the TE of the GF is defined the group TE (GFE).
Technology Gap Ratio
As the MF contains the GF for g groups, the MFE is less than the GFE. The ratio value, called the technology gap ratio (TGR), is as follows:
Traditional Energy, New Energy, CO 2 , PM 2.5 , and GDP Efficiencies
According to Hu and Wang's (2006) total factor energy efficiency indicators, the possible deviations associated with traditional energy efficiency indicators can be overcome. Our study has five main features: traditional energy efficiency, new energy efficiency, CO 2 emissions efficiency, particulate matter (PM 2.5 ) concentration efficiency, and GDP efficiency in which i is the region and t is the time.
Traditional energy efficiency
By definition, traditional energy efficiency is the ratio of the target traditional energy input to the actual traditional energy input; therefore, the traditional energy efficiency model is defined as follows:
Traditional energy efficiency ¼ Target Traditional energy input ði; tÞ Actual Traditional energy input ði; tÞ
If the target traditional energy input is equal to the actual input, then the traditional energy efficiency value is 1, indicating that it is efficient; if the target traditional energy input is less than the actual input, then the traditional energy efficiency value is less than 1, indicating that it is inefficient.
New energy efficiency
By definition, new energy efficiency is the ratio of the target new energy input to actual new energy input; therefore, the new energy efficiency model is defined as follows:
New energy efficiency ¼ Target New energy input ði; tÞ Actual New energy input ði; tÞ
If the target new energy input is equal to the actual input, then the new energy efficiency value is 1, indicating that it is efficient; if the target new energy input is less than the actual input, then the new energy efficiency value is less than 1, indicating that it is inefficient.
CO 2 efficiency
By definition, CO 2 emissions efficiency is the ratio of the target undesirable CO 2 emissions output to the actual undesirable CO 2 emissions output; therefore, the CO 2 emissions efficiency model is defined as follows:
CO 2 emissions efficiency ¼ Target undesirable CO 2 output ði; tÞ Actual undesirable CO 2 output ði; tÞ
If the target undesirable CO 2 emissions output equals the actual undesirable CO 2 emissions output, then the CO 2 emissions efficiency value is equal to 1, indicating that it is efficient; if the target undesirable CO 2 emissions output is less than the actual undesirable CO 2 emissions output, then the CO 2 emissions efficiency value is less than 1, indicating that it is inefficient. 4. PM 2.5 concentration efficiency PM 2.5 represents fine particulate matter that is 2.5 mm or less in diameter. By definition, PM 2.5 concentration efficiency is the ratio of the target undesirable PM 2.5 concentration output to the actual undesirable PM 2.5 concentration output; therefore, the PM 2.5 concentration efficiency model is defined as follows: If the target desirable GDP output equals the actual desirable GDP output, then the GDP efficiency value is equal to 1, indicating that it is efficient; if the actual desirable GDP output is less than the target desirable GDP output, then the GDP efficiency value is less than 1, indicating that it is inefficient.
Results
Sources and Variables
This study compares nonenergy use efficiency and traditional and new energy consumption efficiencies in OECD and non-OECD countries from 2010 to 2014. The data are extracted from the World Development Indicators of the World Bank (2017) and the climate analysis indicators tool of the World Resource Institute. Currently, there are 35 OECD member countries and 27 non-OECD countries. The OECD is an intergovernmental international organization of 35 market economy countries that produce two thirds of the world's goods and services. The organization has become one of the world's largest and most reliable sources of global economic and social statistics. Therefore, the research objects selected in this study have distinct importance. This study was designed based on Tone and Tsutsui's (2010) assumptions. Suppose there are n DMUs over T terms, with each DMU having different inputs and outputs over a period and a carryover (link) to the next period (t þ 1). Figure 1 shows the framework for the SBM dynamic model for intertemporal efficiency measurements and variables.
In this study, the number of employees, fixed asset investment, traditional energy consumption, and new energy consumption are the input items, GDP is the output, and CO 2 and PM 2.5 concentrations are the connections between each period (carryover). Table 1 lists the definitions of input and output variables, and the reference literature from which these variables are drawn.
Employees: This study takes the number of employees in each OECD and non-OECD country at the end of each year; unit: 10,000 people.
Fixed assets: Calculated based on the fixed asset investments in each OECD and non-OECD country.
Traditional energy consumption: Technologically mature and widely used energy resources, such as coal, oil, natural gas, water, and other energy, are called traditional energy.
New energy consumption: According to the definition of the United Nations Conference on Energy and Renewable Energy in 1980, new energy resources are defined as follows. Based on new technologies and new materials, traditional renewable energy resources can be modernized and utilized, and inexhaustible and recurring renewable energy resources can be used to replace fossil energy resources with limited resources and pollution to the environment. New energy generally refers to renewable energy that is developed and utilized on the basis of new technology, including solar, biomass, wind, geothermal, wave, ocean current, and tidal energies.
Output variable: GDP in each OECD and non-OECD country; GDP data are extracted from each country's statistical yearbook for the given period. Undesirable output variables:
1. CO 2 emissions for each OECD and non-OECD countries are estimated from the energy consumption. CO 2 emissions are a primary cause for the changes being experienced in global temperatures and the consequential rising sea levels. CO 2 , unlike other air pollutants, has been used as the sole carbon emissions measure for global solutions to climate change. 2. PM 2.5 is an important index in the air quality index, which refers to atmospheric particulate matter (PM) that has a diameter of less than 2.5 mm.
Statistical Analysis and Efficiency Analysis
From Table 2 , we see the number of employees increases gradually, and the average number rises from 1,723 in 2010 to 1,774 in 2014. The growth in employment is relatively slow, and so the 5-year trend is slightly upward. In addition, we find the CO 2 emission also appears in the similar phenomenon, showing a slow growth. On the contrary, PM 2.5 is almost stable. The (2006) input of fixed assets is large and significantly increases over the years. Capital investment also exhibits an increasing trend. Traditional energy consumption declines, while new energy consumption increases slightly. We also show that total GDP rises significantly over the years. This study first divides the 62 countries into OECD and non-OECD members, after which we compile the five annual metaboundary TEs, with the main objective being to compare energy performance differences. Because of the differences between the individual factors and invested resources in the two groups, we are unable to directly measure or compare technical level differentiation; therefore, we use the TGR to attain the difference between the GF and MF. A relatively objective measurement benchmark is also developed to compare the technology level and the energy efficiency in each group and the intergroup efficiency of each country in each group. Table 3 shows the GFE for the OECD countries. Switzerland, Denmark, France, United Kingdom, Iceland, Luxembourg, Norway, and the United States have the same efficiency values each year of 1, while Chile, the Czech Republic, Latvia, Mexico, Poland, Slovakia, and Turkey perform poorly each year. Table 4 shows the GFE for the non-OECD countries. The United Arab Emirates is totally efficient at 1 each year, while China, Indonesia, India, Sri Lanka, Morocco, Nepal, Peru, and Thailand, and the others all perform poorly each year. The annual average OECD and non-OECD efficiencies are shown in Figure 2 , from which we see that the average efficiency in OECD countries is higher than in non-OECD countries. The efficiency in the OECD countries remains relatively steady throughout the period, while in the non-OECD countries, it is gradually increasing. As most OECD countries are developed and because the regional differences and input resources are different from those of the non-OECD countries, they have different technology standards. Therefore, we calculate cross-group efficiency reflecting the technology level and energy efficiency by using the technology gap ratio for the countries in each region. Tables 5 and 6 list the TGR and annual average efficiency calculation of the OECD and non-OECD countries.
As shown in Table 5 , in 2010, only two OECD countries have a technology gap ratio of less than 1: South Korea and Mexico. In 2011, three OECD countries have technology gap ratios less than 1: South Korea, Mexico, and Turkey of which the largest GDP nation is South Korea. In 2012, five OECD countries have a technology gap ratio of less than 1: Belgium, South Korea, Mexico, the Netherlands, and Turkey of which the largest GDP nation is again South Korea. In 2013, three OECD countries have a technology gap ratio of less than 1: South Korea, Mexico, and Turkey of which the largest GDP nation is again South Korea. In 2014, seven OECD countries have a technology gap ratio of less than 1: Belgium, Japan, South Korea, Mexico, the Netherlands, Poland, and Turkey of which the largest GDP nation is again South Korea. In summary, the TE in most OECD countries is close to the performance level on the MF boundary; that is, the relative efficiency is high. Only a few countries have technical standards that do not reach the technical level on the MF, with the biggest gap to the metatechnology border being South Korea. Table 6 shows that among non-OECD countries, in 2010, only one has a technology gap ratio of 1: the United Arab Emirates. In 2011, three non-OECD countries have a technology gap ratio of 1: the United Arab Emirates, Pakistan, and Singapore. In 2012, three non-OECD countries have a technology gap ratio of 1: the United Arab Emirates, Nigeria, and Singapore. In 2013, three non-OECD countries have a technology gap ratio of 1: the United Arab Emirates, Nigeria, and Singapore. In 2014, four non-OECD countries have a technology gap ratio of 1: the United Arab Emirates, Algeria, Nigeria, and Singapore. In general, only a few non-OECD countries have total efficiencies close to the performance level on the MF boundary, with the remaining countries having TGR less than 1. Figure 3 illustrates the annual average TGRs for the OECD and non-OECD countries, from which we see that the average TGR in OECD countries is higher than in non-OECD countries. Over the period, there are relatively few TGR changes for OECD countries. However, for non-OECD countries, there is a gradual increase, indicating that the technology gap in non-OECD countries is gradually shrinking and energy efficiency is improving.
Energy, CO 2 Emissions, PM 2.5 Concentrations, and GDP Efficiencies Following Hu and Wang's (2006) total factor energy efficiency indicators, to overcome the possible deviations in traditional energy efficiency indicators, we next discuss the efficiency of individual energy-related variables. Table 7 shows the efficiency for the traditional and new energy consumption. Among OECD countries, Switzerland, Denmark, France, the United Kingdom, Iceland, Luxembourg, Norway, and the United States have new and traditional energy efficiency of 1, while in non-OECD countries, only the United Arab Emirates achieves 1 for both new and traditional energy efficiencies. The new energy consumption efficiencies in Botswana and Algeria are benchmarks for the other countries, but their traditional energy consumption efficiencies are 0.65 and 0.8, respectively. Cambodia also has a poor traditional energy efficiency ratio, but a new energy consumption of 0.85. South Korea, Slovakia, and Slovenia all have poor new energy efficiency and better traditional energy efficiency. On the whole, we can see that the average traditional energy consumption efficiency is declining year on year, while the average new energy consumption efficiency is increasing, with the efficiency gap between the two gradually narrowing. An analysis of the standard deviations for the energy consumption efficiencies in Table 6 reveals that the standard deviation for the traditional energy consumption efficiency is small but shows a gradually increasing trend and that the standard deviation for the new energy consumption efficiency is larger but declining. Because new energy developments have only been focused in the late-20th and early-21st centuries and also because new energy production is limited by the natural environmental conditions in the different countries, the overall new energy standard deviation is higher. 2. CO 2 emissions efficiency Figure 4 shows in the OECD countries that Australia, Switzerland, Germany, Denmark, France, the United Kingdom, Iceland, Japan, Luxembourg, the Netherlands, Norway, Sweden, and the United States have CO 2 emission efficiency of 1 in each year. Countries with poor performance include Austria, Czech Republic, Finland, Hungary, Israel, South Korea, Mexico, Poland, and Slovenia. Their annual CO 2 emissions efficiencies are less than 0.7, with Poland's being less than 0.4. Of the non-OECD countries, United Arab Emirates, Cambodia, Algeria, Sri Lanka, Nigeria, Nepal, and Singapore have annual target CO 2 emissions efficiencies close to the actual CO 2 emissions efficiencies, while China, Malaysia, Russia, Thailand, and South Africa have poor CO 2 emissions efficiencies at less than 0.5 each year.
Energy efficiency
3. PM 2.5 concentration efficiency Figure 5 shows that the PM 2.5 concentration efficiencies in Australia, Switzerland, Denmark, Finland, France, the United Kingdom, Iceland, Luxembourg, Norway, New Zealand, Sweden, and the United States among OECD countries are 1 in each year. However, the annual PM 2.5 concentration efficiencies in Austria, Hungary, South Korea, Mexico, and Poland are less than 0.6, and the annual efficiencies in Chile and Turkey are worse at less than 0.4. Figure 6 shows in the OECD countries that the actual GDP of the Czech Republic, Estonia, Hungary, Luxembourg, and Slovakia is less than the target GDP, indicating relative inefficiency. Mexico, Poland, and Turkey are improving year on year, with their actual GDP being equal to the target GDP in 2014. The GDP in most OECD countries is efficient in all years.
GDP efficiency
The gap between OECD countries and non-OECD countries is relatively wide. Non-OECD countries that have better GDP performances are the United Arab Emirates, Argentina, Brazil, Costa Rica, Nigeria, Pakistan, Russia, and Singapore in which their annual target GDP is quite close to the real GDP and therefore is relatively efficient. Malaysia's GDP efficiency in 2010 Figure 5 . PM 2.5 differences between actual and target efficiencies. OECD ¼ Organisation for Economic Co-operation and Development; PM ¼ particulate matter. is only 0.68, and the GDP efficiency in the Philippines in 2010 and 2011 is only 0.78; however, the GDP efficiencies in these two countries are increasing year on year. South Africa's GDP efficiency, however, is decreasing year on year, and there are poor overall performances in Indonesia, India, Iran, Morocco, and Nepal, all of which have annual GDP efficiencies less than 0.6, indicating that efficiency improvements are needed.
Discussion
This study focuses on energy efficiencies in OECD and non-OECD countries from 2010 to 2014. With an application of a MFD-DEA model, we calculate the inputs and outputs, with the CO 2 emissions and PM 2.5 concentrations being the undesirable outputs and energy consumption being divided into new and traditional energy sources. We use technology gap ratio and efficiency values to compare the energy efficiencies and the new and traditional energy source differences between the two groups. The conclusions from the empirical analysis are as follows.
1. Average efficiency in OECD countries is higher than in non-OECD countries. The efficiency in the former remains relatively steady throughout the period, while, in the latter, it is gradually increasing. 2. Overall efficiency in most OECD countries is close to the performance level on the MF boundary, showing that the relative efficiency level is high. However, except for South Korea (which is relatively inefficient among OECD countries), the technology gap ratios of the other OECD countries are equal to or very close to 1, which i very close to the technical level on the metatechnology border for all countries. 3. Among all non-OECD countries (except the United Arab Emirates and Singapore) that performed better each year, most countries require significant improvements. 4. The average TGR is higher than in the non-OECD countries, but the technology gap ratio in these non-OECD countries is gradually increasing. 5. There are 13 OECD members with CO 2 emissions efficiency value of 1: Australia, Switzerland, Germany, Denmark, France, the United Kingdom, Figure 6 . GDP efficiencies of OECD and non-OECD countries. OECD ¼ Organisation for Economic Co-operation and Development; GDP ¼ gross domestic product.
Iceland, Japan, Luxembourg, the Netherlands, Norway, Sweden, and the United States. 
Implications for Conservation
Based on the above discussions, we provide the following managerial suggestions.
1. Mitigating climate change and reducing greenhouse gas emissions are urgent issues in all countries throughout the world. With different economic levels and diverse levels of technologies, the non-OECD countries have much poorer levels of efficiencies compared with OECD countries. More support should be given by international organizations and OECD countries to help out non-OECD countries. And further countries should work together to reduce the use of fossil fuels, promote energy transformation, and improve energy efficiency. 2. With a diversity of natural resource endowments, energy development strategies should be adapted to the local conditions of each country. For example, countries with long sunshine hours should develop solar power generation. Areas with strong ocean currents can develop hydropower. Biomass energy and geothermal energy are also alternative energy sources that could be considered. 3. International institutional environment can encourage OECD countries to provide financial and technical resources to assist non-OECD countries in developing renewable energies, improve energy efficiencies, reduce greenhouse gas emissions, and reduce efficiency gaps. International organizations can also play a role to enhance and mobilize the financial resource and technologies. 4. New technology for lean use of traditional energy and the development of new forms of energy should also be medium-to long-term strategies for countries. For many non-OECD countries, the development of new energy is much harder due to limited access of technology and financial resource, along with relatively low levels of economy and social development. As a result, it may take a much longer time and more fundamentals provided to help change countries' industrial structure. 5. Further encouragement should also be given to promote and reward private investment in area of new technology development. Further attention should be given to increasing research and development funding for state-owned power plants and to raise energy transformation incentives. 6. With China's one-belt one-road initiative that may affect EU and southwestern Asian countries, further extensive cooperation can be built up in terms of international trade and environmental protection among one-belt one-road countries.
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